Background/Aims: Oral chemotherapy is increasingly utilized leaving the patient responsible for self-administering an often complex regimen where adverse effects are common. Non-adherence and reduced relative dose intensity are both associated with poorer outcomes in the community setting but are rarely reported in clinical trials. The purpose of this study is to quantify adherence and relative dose intensity in oncology clinical trials and to determine patient and study related factors that influence adherence and relative dose intensity. Methods: Patients were identified from non-industry-funded clinical trials conducted between 1 January 2009 and 31 March 2013 at the University of Wisconsin Carbone Cancer Center. Data were extracted from primary research records. Descriptive statistics and linear regression modeling was performed using SAS 9.4. Results: A total of 17 clinical trials and 266 subjects were included. Mean adherence was greater than 97% for the first eight cycles. Mean relative dose intensity was less than 90% for the first cycle and declined over time. Male gender, a performance status of 1 or 2, metastatic disease, and traveling more than 90 miles to reach the cancer center were associated with higher relative dose intensity. Conclusions: Patients with cancer enrolled in clinical trials are highly adherent but unlikely to achieve protocol specified relative dose intensity. Given that determining the phase II dose is the primary endpoint of phase I trials, incorporating relative dose intensity into this determination should be considered.
Introduction
Oral chemotherapy is common, comprising approximately 25% of approved antineoplastic agents and an even higher percentage of anticancer medications in development. 1 Patients typically prefer oral to intravenous chemotherapy; 2, 3 however, it leaves the patient with responsibility of adhering to an expensive and often complex regimen where side effects are common.
While there is no universally accepted definition of adherence, adherence has been defined by the WHO as ''the extent to which a person's behaviour -taking medication, following a diet, and/or executing lifestyle changes, corresponds with agreed recommendationsfrom a health care provider.'' 4 Adherence to oral anticancer agents varies widely ranging from 16 to 100% in the community setting, 5 and non-adherence is associated with poorer outcomes for patients with chronic myeloid leukemia 6 and breast cancer. [7] [8] [9] Like adherence, relative dose intensity (RDI) (e.g. dose administered over the total time receiving chemotherapy divided by the standard dose intensity specified in the protocol) 10 can impact patient survival and clinical trial outcomes. In patients with early stage breast cancer, 11 achieving a RDI ! 85% was associated with longer disease free and overall survival, as was achieving an RDI > 90% in lymphoma. 12 Similar results have been observed in breast, lung, and ovarian cancer in the metastatic setting although data are conflicting. 13 While both adherence and RDI have been frequently studied in patients managed in routine clinical practice and associated with clinical outcomes, they are infrequently reported in clinical trials. Despite the recommendations for reporting adherence and RDI in manuscripts by the CONSORT group, 14, 15 adherence to oral chemotherapy was only reported in 20% of articles describing phase III clinical trials evaluated from the highest quality oncology journals 16 and RDI was reported in only 61% of breast cancer clinical trials. 17 Reduced drug exposure, either through nonadherence or reduced RDI in clinical trials are potential sources of bias, which could result in underestimation of adverse effects and efficacy, overestimation of dose intensity, and ultimately limit power. 18 Additionally, in phase I trials where the primary endpoint is usually to determine the recommended phase II dose, nonadherence or decreased RDI can limit assessment of the primary study goal. Jardim et al. 19 demonstrated that recommended phase II doses of oral targeted therapies were significantly less likely to be the ultimately approved dose than the recommended phase II dose of standard cytotoxic therapy.
The primary aims of the study are to quantify adherence and RDI with oral chemotherapy in the setting of oncology clinical trials. The secondary aims are to determine patient and treatment related factors that predict adherence and RDI.
Methods

Study population
Patients were identified from non-industry-funded clinical trials conducted at the University of Wisconsin Carbone Cancer Center (UWCCC) in patients with solid tumors. Trials included were open to accrual between 1 January 2009 and 31 March 2013 and had oral chemotherapy as the experimental treatment. Trials were excluded if they enrolled less than five subjects, the principal investigator of the clinical trial did not agree to participate, or if study records were unavailable. The study protocol and all included trials were approved by the local institutional review board.
Definitions
Adherence was defined as no missed doses, no extra doses taken, or no doses taken in the wrong quantity or at the wrong time. Adherence was assessed by analyzing patient medication diaries and pharmacy pill counts located in the patient study record. Data were recorded in total milligrams per cycle. Adherence rate was calculated by dividing the total milligrams per cycle by the adjusted dose intensity. Adjusted dose intensity was described as provider or protocol specified dose reductions and was recorded in total milligrams per cycle. For example, if a health care provider advised the patient to change the dosing regimen in any way, patients were considered adherent for that day if the new instructions were followed (e.g. patient is originally prescribed 100 mg per day for 28 days but if dose reduced after 14 days to 100 mg every other day, the adjusted dose intensity is 1400 mg + 700 mg ¼ 2100 mg).
Planned dose intensity was calculated based on the protocol specified dose per day and cycle duration specified by the study protocol (e.g. if the protocol dose is 100 mg per day for a 28 day cycle, the planned dose intensity is 2800 mg per cycle). Planned dose intensity was calculated for each cycle. Patient specific dose intensity was the actual amount of medication taken by the patient in a given cycle (e.g. if the patient took 100 mg per day for 28 days, the patient specific dose intensity is 2800 mg per cycle). The RDI is calculated by dividing the patient specific dose intensity by the planned dose intensity and multiplying by 100 (e.g. if the patient was 100% adherent and had no dose reductions, the RDI was 100).
Data collection
An online (Oncore) clinical trial management database was used to review trial protocols for inclusion. The individual study protocols were reviewed to determine the planned dose intensity of the study, the phase of the study, the method and frequency of adherence assessment, the individual who conducted the adherence assessment, and the number of oral study medications administered. Individual patient research charts were reviewed to determine patient specific covariates including age, gender, ethnicity, distance from cancer center, type of insurance, performance status (PS), disease type, and disease stage as well as the primary study outcomes; RDI and adherence. In addition, best response to therapy, reason for nonadherence, if the patient was non-adherent, and time on study were also recorded.
Analysis
All analysis was conducted using SAS version 9.4. Visual predictive checks and residual plots were used to assess model fit. Continuous variables that were nonlinear were dichotomized at the mean or median. Adherence and dose intensity were reported as milligrams of medication taken over the study time and were summarized in terms of number of observations, means, and standard deviations. A linear mixed effects model with study and disease random intercepts was used to assess patient specific predictors (age, gender, ethnicity, performance status, disease stage, insurance types) and clinical trial predictors (number of study medications, phase of study, type and frequency of assessment) of RDI while controlling for time on study and cycle number. Non-significant predictors were excluded from final models.
Results
A total of 17 clinical trials enrolling 266 subjects were included in this evaluation. Table 1 describes trial characteristics that were included in the analysis. The analysis included eight (47%) phase I studies, six (35%) phase II studies, and three (18%) phase III studies. Adherence was most frequently assessed by a study nurse (70%) and most often using a pill diary (88%) at the beginning of each new treatment cycle (82%).
In this study, 55% of subjects were female patients with a mean age of 58 years (SD ¼ 11.9) (see Table 1 ). Subjects were primarily White (96%) with Blacks and Asians also represented. A number of solid tumors were included in this analysis with colorectal cancer (24%), breast cancer (15%), and prostate cancer (7%) being the most common. Most patients (92%) presented with metastatic disease had an ECOG performance score of either 1 or 2 (64%), and were enrolled in phase I clinical trials (83%).
Adherence and RDI for the first eight cycles of therapy were calculated and summarized in Table 2 . Mean adherence was greater than 99% in cycle 1 and exceeded 97% for the subsequent seven cycles of therapy. Because adherence was higher than initially expected, a regression analysis to determine patient and study specific factors that predict medication adherence was not performed. The highest mean RDI was 89.4% in cycle 1, and generally declined with subsequent cycles with the lowest RDI at 72.5% during cycle 8. The number of patients included in each cycle decreased over time as patients went off study due to toxicity or progressive disease; therefore, patients remaining on study through cycle 8 had both the best responses to therapy and were most tolerant of the study medications. A regression analysis was performed to assess factors that predict RDI in the first cycle of therapy and is presented in Table 3 . In the first cycle of therapy, male gender, good performance status, metastatic disease, and distance greater than 90 miles from the cancer center were all associated with higher RDI. Other potential predictors were not significant and were not included in the final model for Cycle 1 RDI. A second regression model was developed to assess predictors of RDI over all cycles of therapy and is presented in Table 3 . Similar to the factors that predicted higher RDI in Cycle 1, male gender, metastatic disease and distance greater than 90 miles from the UWCCC as well as study phase, with individuals on phase I clinical trials more likely to have higher RDI when compared to those on phase II or III clinical trials. In this model, a significant interaction term between performance status and stage was included, and performance status was no longer significant.
Discussion
The mean adherence in oncology clinical trials exceeded 97% for all cycles of therapy, which is higher than typically reported in clinical practice. The difference in adherence rates observed in these clinical trials compared to clinical practice could be related to the adherence enhancing strategies such as pill diaries, pill counts, and frequent assessments of adherence. A recent systematic review evaluating adherence enhancing strategies in cancer patients receiving oral anticancer agents in the community setting demonstrated no clearly effective strategies for enhancing adherence in this patient population, including counseling programs by nurses, pharmacists, or prefills of pill boxes. 20 Therefore, keeping a medication diary and bringing medications to appointments for pill counts may be useful strategies for improving adherence in clinical practice. An additional explanation may be that patients enrolled in clinical trials are more likely to have characteristics associated with adherence (social support, lower out of pocket cost of medications, lack of depression, not elderly) 21 or that patients enrolled in clinical trials have different motivations (perceived benefit of the clinical trial or lack of other therapeutic options) than individuals treated in the community.
The mean RDI in the first cycle was 89.4%, and declined to 72.5% by cycle 8. This is consistent with a retrospective analysis of 933 patients from three phase III breast cancer trials, where RDI was only 85.7%. 22 Less than half of patients stayed on study for three cycles, going off study most commonly for either disease progression or adverse effects.
The inability of study subjects to achieve study planned dose intensity even in the first cycle is concerning, especially in the phase I setting where the primary aim is to determine the recommended phase II dose. In the phase I setting, dose reductions of up to 25% are usually allowed within a dosing cohort and these dose reductions are not factored into determining the tolerated dose in the cohort. For example, in a dosing cohort of 300 mg, patients could be dose reduced to 225 mg, continue on study and 300 mg would be reported as the tolerable dose. Given that study participants are generally healthier, younger, 23 and have higher incomes 24 than non-participants, it seems unlikely, these doses are generalizable to the community. Data from a retrospective analysis support this, where an evaluation of 20,000 patients with metastatic breast cancer treated in community oncology practices found that dose reductions of !15% and RDI less than 85% occurred in 36.5 and 55.5% of patients, respectively. 25 Also, concerning are studies suggesting progression-free survival and overall survival decrease when RDI decreases by 10-30%. [26] [27] [28] Given how common both dose reductions and delays are in clinical trials and practice, strategies to accurately describe the dose patients in clinical trials are needed. One suggestion is to take into account RDI when recommending a phase II dose.
Consistent predictors of higher RDI included male gender, metastatic disease, and greater distance from UWCCC. Given the flat dosing of most oral agents and the likely larger BMI of male subjects compared to female subjects, it is possible this gender difference is related to drug exposure and suggesting that drug exposure between males and females or by BMI should be assessed and reported in phase I clinical trials. Patients with metastatic disease and traveling a long distance for treatment were likely very motivated to stay on therapy, either because of perceived benefit or lack of other therapeutic options. 29, 30 In the model including all cycles, PS was no longer a significant predictor when an interaction term between performance status and disease stage was included. Individuals with either a good performance status and advanced stage disease or a poor performance status and early stage disease were more likely to achieve higher RDI than subjects with a poor performance status and advanced disease or early stage disease and a good performance status, suggesting that advanced stage disease is a motivator to achieve RDI; however, ability to achieve RDI is limited by performance status.
Limitations of this study include the retrospective, single institution design and the inability to assess all potentially predictive covariates. The generalizability is also limited, given that the majority of patients had metastatic disease, were enrolled in federally funded clinical trials and there was an over representation of phase I studies. In addition, there was significant drop out at later cycles of therapy, although the predictors of RDI were similar in both cycle 1 and across all cycles, minimizing this concern.
Conclusion
Patients with cancer enrolled in clinical trials are highly adherent but unlikely to achieve protocol specified relative dose intensity. Given that determining the phase II dose is the primary endpoint of phase I trials, incorporating RDI into this determination should be considered.
